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NOTE: This guide specification covers the
requirenents for seismc protective elenments for
protection of nechanical and el ectrical equipnent,
bui |l di ng pi ping, conduit, and exterior utilities.
This guide specification is to be used in the
preparation of project specifications in accordance
with ER 1110-345-720.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

PART 1 GENERAL

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: The intent of this specificationis to

provi de for adequate | ateral support against
ear t hquake i nduced notions for nmechanical and

el ectrical equiprment and systens described herein.

A vertical support systemis also required as called
for in other Sections of these specifications.

The design of structural nenbers, whether prepared
by an A-E or in house, will be checked for adequacy.
The designs and detail draw ngs subnitted by the

Contractor will be checked agai nst the accepted
design; drawi ngs of structural connections wll
require Governnent approval. The Governnent
designer has final responsibility for the adequacy
of the structural nenbers and their connections.

This section can be used for bracing details of
medi cal equi pnment by editing the specification
accordi ngly.

EE R R R R R R R R R E R R R R R R REEEERE R EEEE R R R R R R R R

1.1 REFERENCES

EE R R R R R R R R R E R R R R R R R R ERE R E R R R R R

NOTE: |ssue (date) of references included in
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proj ect specifications need not be nore current than
provided by the | atest change to this guide
speci fication.

The listed references should not be nmanually edited
except to add new references. References not used
inthe text will be deleted fromthis paragraph
during the Specslntact reference reconciliation
process.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnation only.

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)

ANSI Z21.70 (1981) Earthquake Actuated Automatic Gas
Shut of f Systens

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 36 (1994a) Carbon Structural Steel

ASTM A 53 (1995a) Pipe, Steel, Black and Hot-Di pped,
Zi nc- Coat ed Wl ded and Seanl ess

ASTM A 153 (1996) Zinc Coating (Hot-Dip) on Iron and
St eel Hardware

ASTM A 307 (1994) Carbon Steel Bolts and Studs,
60, 000 PSI Tensile Strength

ASTM A 500 (1993) Col d- Forned Wl ded and Seani ess
Carbon Steel Structural Tubing in Rounds
and Shapes

ASTM A 563 (1994) Carbon and Alloy Steel Nuts

ASTM A 603 (1988) Zinc-Coated Steel Structural Wre
Rope

ASTM A 653 (1995) Steel Sheet, Zinc-Coated

(Gl vani zed) or Zinc-lron All oy-Coated
(Gl vanneal ed) by the Hot-Di p Process

ASTM E 488 (1990) Strength of Anchors in Concrete and
Masonry El ements

ASTM E 580 (1991) Application of Ceiling Suspension
Systens for Acoustical Tile and Lay-1In
Panels in Areas Requiring Seismc Restraint

AMERI CAN SOCI ETY OF MECHANI CAL ENG NEERS ( ASME)
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ASME B18.2.1 (1981; Supple 1991; R 1992) Square and Hex
Bolts and Screws (Inch Series)

ASME B18. 2.2 (1987; R 1993) Square and Hex Nuts (Inch
Seri es)

| NTERNATI ONAL CONFERENCE OF BUI LDI NG OFFI CI ALS (I CBO

| CBO- 099594 (1994) Uni form Bui |l di ng Code

SHEET METAL & Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL
ASSOC! ATI ON( SMACNA)

SVACNA- 12 (1991; Appx E, 1993) Seism c Restraint
Manual Cuidelines for Mechanical Systens

UNDERWRI TERS LABORATORI ES (UL)
UL 1570 (1995) Fluorescent Lighting Fixtures
UL 1571 (1995) Incandescent Lighting Fixtures
2 SYSTEM DESCRI PTI ON

2.1 Cener al

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Seismic zone in which project is |ocated nust
be inserted in the bl ank space; seisnic zone and
i mportance factor will be obtained from TM 5-809-10
The building category (I, 1, Ill, or 1V), which is
based on the building occupancy and is used in
determning the inportance factor, will be obtained
fromTM 5-809-10. This section will not be used in
Zone O.

Desi gner should verify that specified details do not
interfere with the performance of the cathodic
protection system (when used) or of the vibration

i sol ati on systens.

EE R R R R R R R R R E R R R R R R R R R R E R R R R R R O R

The requirenents for seismc protection neasures described in this section
shal |l be applied to nmechanical/electrical equipnment and systens specified
herein. Seisnmic protection requirenments shall be in accordance with

| CBO- 099S94 using an inportance factor of | ] and shall be provided in
addition to any other requirenents called for in other sections of these
specifications. This facility shall be designed as being in seismc zone
[ ]; no other zone val ues shall be used to establish bracing

requi renents. Lateral support against earthquake i nduced forces shall be
acconpl i shed by positive attachments wi thout consideration of friction
resulting fromgravity | oads.
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NOTE: The desi gner should ensure that the Iist

bel ow i ncludes all electrical and nechanical itens
to be braced. Delete the itens which are not part
of the job and add itens which are not included in
the list.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

Mechani cal /el ectrical equi pnent shall include the following itens to the

extent required on the drawings or in other sections of these
speci fications:

Boi |l ers and furnaces Storage Tanks for Q| and Water
Wat er Heaters Steam Water, G| and Gas Piping
Expansi on Air Separator Tanks Cabl e Trays

Heat Exchangers Bri dge Cranes and Monorails
Water Chiller Units Engi ne-Driven CGenerators
Cool i ng Towers Air and Refrigerant Conpressors
Control Panels Air Handling Units

Punps with Mtors Swi t chgear

Li ght Fixtures Unit Substations

Mot or Control Centers Transformers

Swi t chboards (Fl oor Munt ed) St orage Racks

Suspended Ceiling Assenblies Duct s

Fl ash Tanks Unit Heaters

Accumul at or Tank Exhaust and Return Fans

[ ] Sol ar Heating Units

2.3 Mechani cal / El ectrical Systens

EE R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: The desi gner should ensure that the Iist

bel ow i ncl udes all piping and nechanical /el ectrica
systens which are to be installed or nodified.

Del ete the systens which are not part of the job and
add systens which are not included in the list.

EE R R R R R R R R R R R R R R R R R R R R R R O R

The foll owi ng nechani cal and electrical systens shall be installed as
required on the drawi ngs and ot her sections of these specifications and
shall be seismically protected in accordance with this specification

Al Piping Inside the Building in Accordance Wth This Specification

Chilled Water Distribution Systems Qutside of Buildings
Gas Distribution Systens
Q| Piping CQutside of Buildings

Al Water Supply Systens
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Storm and Sanitary Sewer Systens

Al'l Process Piping

Qutside Heat Distribution, Return, and Condensate Systens
Condenser Water Piping Qutside the Building

Pneurmati c Tube Distribution System

[ 1]

2.4 Equi pnrent and Systens

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Retain this paragraph when the Contractor
will design the bracing. The designer will refer
and/ or nodify the listings above or will |ist bel ow
t he equi pnent and systens to receive seisnic
bracing. Delete this paragraph when all bracing
details and locations are indicated on the draw ngs.

EE R R R R R R R R R R R R R R R R R R R R R R O R

The bracing for the followi ng mechanical/el ectrical equiprment and systens
shal | be devel oped by the Contractor in accordance with the requirenents of
this specification: | ].

.2.5 Excl usi on

Seism c protection of piping for fire protection systens shall be installed
as specified in Sections 15330 VWET PI PE SPRI NKLER SYSTEM FI RE PROTECTI ON
15331 DRY PI PE SPRI NKLER SYSTEM FI RE PROTECTI ON, and 15332 PREACTI ON AND
DELUGE SPRI NKLER SYSTEMS, FI RE PROTECTI ON

2.6 Pi pes and Ducts Requiring No Special Seismc Restraints

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Retain only those itens found in the project
for this list of pipes and ducts that do not require
seisnmic restraints. For facilities designated as
critical, hazardous, or essential, in accordance

wi th gui dance of TM 5-809-10, delete or nake
exceptions for piping and ducts which will require
seismc restraint.

Seismc restraints may be omtted fromthe followi ng installations:
a. Gas piping less than [25 mm (1 inch)] [1 inch] inside dianeter.

b. Piping in boiler and mechani cal equipnent roons |ess than [32 mm
(1-1/4 inches)] [1-1/4 inches] inside dianeter.

c. Al other piping less than [38 mm (1-1/2 inches)] [1-1/2 inches]
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i nsi de di aneter.

d. Electrical conduit less than [64 mm (2-1/2 inches)] [2-1/2 inches]
i nsi de dianeter.

e. Rectangular air handling ducts less than [0.37 square neters (4
square feet)] [4 square feet] in cross sectional area.

f. Round air handling ducts less than [457 mm (18 inches)] [18 inches]
in dianeter.

g. Piping suspended by individual hangers [300 nmmj [12 inches] or |ess
inlength fromthe top of pipe to the bottomof the supporting structura
menber where the hanger is attached, except as noted bel ow.

h. Ducts suspended by hangers [300 nmmj [12 inches] or less in length
fromthe top of the duct to the bottom of the supporting structural nenber,
except as noted bel ow.

In exenptions g. and h. all hangers shall neet the length requirenments. |If
the I ength requirenent is exceeded by one hanger in the run, the entire run
shal | be braced.

L 2.7 All Oher Interior Piping, Conduit, and Ducts

Interior piping, conduit, and ducts not covered by paragraphs Excl usion or
Pi pes and Ducts Requiring No special Seismc Restraints shall be
seismcally protected in accordance with the provisions herein

3 SUBM TTALS

EE R R R R R R R R R R R R R R R R R R R R R R R I R R R O O R

NOTE: Subnmittals nust be limted to those necessary
for adequate quality control. The inportance of an
itemin the project should be one of the prinary
factors in determning if a submittal for the item
shoul d be required.

Place a "G' within subnittal tags following a
submittal itemif Governnent approval for that item
is required. Governnent approval should be required
only for itens deened sufficiently critical

conpl ex, or aesthetically significant to nerit such
action.

For submittals requiring Governnent approval, a code
of up to three characters within submttal tags may
be used following the "G' designation to indicate
the approving authority.

Submittal itens not designated with a "G' are
considered as being for information only.

EE R R R R R R R R R E R R R R R R R R ERE R E R R R R R
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CGovernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for information only or as
ot herwi se desi gnated. Wen used, a designation followi ng the "G
designation identifies the office that will review the submttal for the
Government. The following shall be submtted in accordance with Section
01330 SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Bri dge Cranes and Monorails; [___ ]
Lighting Fixtures in Buildings; [__ ]
M scel | aneous Equipnent; [__ ]

Detail drawings along with catalog cuts, tenplates, and erection
and installation details, as appropriate, for the itens |isted.
Submittals shall be conplete in detail; shall indicate thickness,
type, grade, class of netal, and di nensions; and shall show
construction details, reinforcenent, anchorage, and installation
with relation to the building construction.

SD- 03 Product Data
Bri dge Cranes and Mnorails; G
Braci ng and Coupling; G
Li ghting Fixtures in Buildings; G
M scel | aneous Equi pnent; G
Copi es of the design calculations with the detail draw ngs.
Cal cul ations shall be stanped by a registered engi neer and shall
verify the capability of structural nenbers to which bracing is
attached for carrying the load fromthe brace.

SD-07 Certificates
Fl exible Ball Joints; |
Flexible ball joints shall be certified to be suitable for the
service intended by the manufacturer, based on not less than 2
years' satisfactory operation in a sinilar application.

PART 2 PRODUCTS

2.1 MATERI ALS AND EQUI PMENT
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Mat eri al s and equi pnent shall conformto the requirenents specified bel ow

2.1.1

Bolts and Nuts

Squar ehead and hexhead bolts, and heavy hexagon nuts, ASME B18.2.1, ASME
B18.2.2, or ASTM A 307 for bolts and ASTM A 563 for nuts. Bolts and nuts
used underground and/ or exposed to weather shall be gal vani zed in
accordance with ASTM A 153.

2.1.2

Sway Braci ng

EE R R R R R R R R R R R R R R R R R R R I R R R I O R

NOTE: Designer should determ ne an appropriate
specification for steel angles used for sway bracing
depending on availability of the materials from

| ocal suppliers and insert the designation in blank
space bel ow.

EE R R R R R R R R R R R R R R R R R R R R R R R I

Mat er i
shal |

a.

e.
653] |

2.1.3

al used for nenbers listed [in this section] [and] [on the draw ngs],
be structural steel confornming with the follow ng:

Pl ates, rods, and rolled shapes, ASTM A 36.
Wre rope, ASTM A 603.

Tubes, ASTM A 500, Grade [B] [___ 1.

Pi pes, ASTM A 53, Type [E] or [S], G ade B.

Li ght gauge angles, less than [6 m] [1/4 inch] thickness, [ASTM A

N

FI exi bl e Coupl i ngs

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Designer should include reference to other
specification section containing provisions for pipe
pressure and tenperature ratings.

EE R R R R R R R R R R R R R R R R R R R R R R R R I O R

Fl exi bl e couplings shall have sane pressure and tenperature ratings as

adj oining pipe specified in section | ].

2.1.3.1 Fl exi ble Ball Joints
Fl exi bl e ball joints shall have cast or wought steel casing and ball parts
capabl e of 360-degree rotation plus not |ess than 15-degree angul ar
novenent .

2.1.3.2 FI exi bl e Mechani cal Joints

a.

Mechani cal couplings for steel or cast iron pipe shall be of the
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sl eeve type and shall provide a tight flexible joint under all reasonable
conditions, such as pipe novenent caused by expansion, contraction, slight
settling or shifting of the ground, minor variations in trench gradients,
and traffic vibrations. Were permitted in other sections of these
specifications, joints utilizing split-half couplings with grooved or
shoul dered pi pe ends may be used.

b. Sleeve-type couplings shall be used for joining plain-end pipe
sections. The coupling shall consist of one steel mddle ring, two stee
foll owers, two gaskets, and necessary steel bolts and nuts to conpress the
gaskets. Underground bolts shall be high-strength type as specified above.

. 1.4 Li ghting Fi xture Supports

Fi xture supports shall be nalleable iron. Lighting fixtures and supports
shall conformto UL 1570 or UL 1571 as appli cabl e.

PART 3 EXECUTI ON

3.

3.

1 BRACI NG AND COUPLI NG

EE R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Designs nust include conplete seismc details
showi ng braci ng and coupling requirenments. Designer
will be guided by requirenments of TM 5-809-10 in
establishing bracing and coupling details for
Contractor designed systens and for review ng
Contractor's draw ngs.

Braci ng and coupling does not guarantee that the
equi pnent itself is rugged enough to survive
ear t hquake shaking. Wen a piece of equipnent is
required to renmai n operational after an earthquake,
the manufacturer should subnit information verifying
the capabilities of the equipnent to wthstand

sei snmi ¢ | oadi ng.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

Braci ng and coupling shall conformto the arrangenents shown. Provisions
of this paragraph apply to all piping within a [1.5 n] [5 foot] |ine around
out side of building unless buried in the ground. Piping grouped for
support on trapeze-type hangers shall be braced at the sane intervals as
determ ned by the small est dianeter pipe of the group. No trapeze-type
hanger shall be secured with less than two [13 nm (1/2 inch)] [1/2 inch]
bolts. Bracing rigidly attached to pipe flanges, or simlar, shall not be
used where it would interfere with thernal expansion of piping.

2 BUI LDI NG DRI FT

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: The designer will be guided by the

requi renents of TM 5-809-10 to deternine the
expected drift of the building. Insert the expected
drift ratio (in terns of deflection per unit of
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hei ght) in the blank space.

EE R R R R R R R R R R R R R R R R R R R R R O R

Sway braces for a run shall not be attached to two dissimlar structura

el ements of a building that may respond differentially during an earthquake
unless a flexible joint is provided. Joints capable of acconmpdating

sei sm c displacenents shall be provided where pipes pass through a building
seism c or expansion joint, or where rigidly supported pipes connect to
equi pment with vibration isolators. For threaded piping, swing joints
shal | be provided. For piping with manufactured ball joints the seisnic
drift shall be [0.015] [ ] [nmeters per nmeter] [feet per foot] of height
above the base where the seismc separation occurs; this drift val ue shal
be used in place of the expansion given in the nanufacturer's selection

t abl e.

3 FLEXI BLE COUPLI NGS OR JO NTS

EE R R R R R R R R R R R R R R R R R R R R R I R I I R

NOTE: Designer will be guided by requirenents of TM
5-809-10 in establishing bracing and coupling
details.

EE R R R R R R R R R R R R R R R R R R R R R R O R

3.1 Bui | di ng Pi pi ng

Fl exi bl e couplings or joints in building piping shall be provided at bottom
of all pipe risers larger than [90 mm (3-1/2 inches)] [3-1/2 inches] in
diameter. Flexible couplings or joints shall be braced laterally without
interfering with the action of the flexible coupling or joint. Cast iron
wast e and vent piping need only conply with these provisions when caul ked
joints are used. Flexible bell and spigot pipe joints using rubber gaskets
or no-hub fittings may be used at each branch adjacent to tees and el bows
for underground waste piping inside of building to conply with these

requi renents.

3.2 Under gr ound Pi pi ng

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Include this paragraph if the facility is
| ocated within Seismic Zones 2, 3, and 4. The
designer will coordinate the requirenments for
seisnic isolation of piping and conduits with the
structural and civil design drawings to |ocate
flexi bl e connections as required.

The amount of annul ar space will depend on the
stiffness of the foundation assenbly and of the
surroundi ng soil, and the distance between the
foundation wall and the point outside the building
where the pipe is considered to be restrained. The
geot echni cal engineer will determ ne the pipe |ength
to provide fixity. As an approxinmation, a value of
76 mm (3 inches) would be necessary for a pipe
penetration in a one-story basenent in soft soil.
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EE R R R R R R R R R R R R R R R R R R R R R R R I O R

Under ground pi ping and [100 nm (4 inch)] [4 inch] or larger conduit, except
heat distribution system shall have flexible couplings installed where the
pi ping enters the building. The couplings shall accommpdate | ] [rm |
i nches] of relative novenent between the pipe and the building in any
direction. Additional flexible couplings shall be provided where shown on
t he draw ngs.

4 Pl PE SLEEVES

EE R R R R R R R R EEEEEREEEEEEEREEEREEEREEEEEEEREEEREEEEEEEEE SRR SRR SRS SRR EEEEEREE SRR

NOTE: The designer will deternine the anount of
differential novenent of piping at pipe sleeves
passing through non-fire rated walls and partitions
and will indicate on the draw ngs the anount of

cl earance required between the pipe and the sl eeve
based on defl ection of the pipe between sway braces
on either side of the wall.

The desi gner shoul d avoi d pi pe penetrations through
fire rated assenblies. Were pipes nust penetrate
fire rated walls, the space around the pipe should
be filled with an approved fire rated material that
al | ows the necessary pi pe novenent.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

Pi pe sleeves in interior non-fire rated walls shall be sized as indicated
on the drawings to provide clearances that will permt differential
noverent of piping without the piping striking the pipe sleeve.

.5 SPREADERS

Spreaders shall be provided between adjacent piping runs to prevent contact
during seismc activity whenever pipe or insulated pipe surfaces are |ess
than [[100] [ ] mmi [[4] [ ] inches] apart. Spreaders shall be
applied at sanme interval as sway braces at an equal distance between the
sway braces. |If rack type hangers are used where the pipes are restrai ned
fromcontact by nounting to the rack, spreaders are not required for pipes
nounted in the rack. Spreaders shall be applied to surface of bare pipe
and over insulation on insulated pipes utilizing high-density inserts and
pi pe protection shields in accordance with the requirenents of Section

C- 15250 THERMAL | NSULATI ON FOR MECHANI CAL SYSTEMS.

6  ANCHOR BOLTS

6.1 Cast-In-Pl ace

EE R R R R R R R R R E R R R R R R REEEERE R EEEE R R R R R R R R

NOTE: The designer will ensure that foundations and
anchor bolts for pad-nounted or floor-nounted

equi pnent are detailed and designed in accordance
with TM 5-809-10. When the designer has the
necessary size, weight, and other information for a
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pi ece of equi pnent, the anchorage details including
sizes, length and nunber of bolts, thickness and

rei nforcing of pads and foundations for that piece
of equiprment will be shown by the designer on the
drawi ngs. When this infornmation is not avail abl e,

it will be the Contractor's responsibility to design
t he support and anchorage for the equipnment in
accordance with the specified requirenents.

Two nuts on each bolt will be provided in Seisnic
Zones 3 and 4. The val ues shown in paragraph

M ni nrum Bolt Sizes, Cast-In-Place Anchor Bolts may
be used to indicate the mininumsize and nunber of
bolts required for equipnent; the forces in the
tabul ati on are based on the lateral force
requirenents for rigid and rigidly nounted equi pnent
in TM 5-809-10. The val ues are based on an

| nportance Factor (1) of 1.0, which is for
facilities other than essential or hazardous
facilities. For essential or hazardous facilities
the values for bolt size will be conputed in
accordance with TM 5-809- 10 using the appropriate

| nportance Factor selected from TM 5-809-10, and
will be inserted into the tabulation in lieu of the
|isted val ues.

The anchor bolt sizes in the tabulation are based on
shear strength of the enbedded anchor bolt.
Overturning forces that may cause tension forces on
the bolts have not been included. |f the calculated
seisnmic forces would cause the equi pnment to uplift,
the anchor bolts should be designed for conbi ned
shear and tension.

EE R R R R R R R R R R R R R R R R R R R R R R R O R

Fl oor or pad nounted equi pnent shall use cast-in-place anchor bolts, except
as specified below [One nut] [Two nuts] shall be provided on each bolt.
Anchor bolts shall conformto the followi ng tabulation for the various

equi pnment wei ghts and specified seismc zone or the manufacturer's
installation recommendati ons, whichever is the npbst stringent, unless

ot herwi se shown on the drawi ngs. Anchor bolts that exceed the normal depth
of equi pnent foundation piers or pads shall either extend into concrete
floor or the foundation shall be increased in depth to accommpdate bolt

| engt hs.

3.6.2 M ni mum Bolt Sizes, Cast-In-Place Anchor Bolts

EE R R R R R R R R R E R R R R R REEERERE R EEEE R R E R R R R R

NOTE: Retain applicable zone val ues only.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

[ Max. Equip. Weight M ni mum Bolt Sizes (mm*
Kg Zone 4 Zone 3 Zone 2A Zone 2B Zone 1
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225 13 13 13 13 13

450 13 13 13 13 13

2250 13 13 13 13 13
4500 13 13 13 13 13
9000 13 13 13 13 13
13500 16 13 13 13 13
22500 22 16 13 13 13
45000 * * 16 22 13]

[ Maxi mum Equi pment M nimum Bolt Sizes (Inches)*

Wei ght (Pounds) Zone 4 Zone 3 Zone 2A  Zone 2B Zone 1
500 1/2 1/2 1/2 1/2 1/2

1, 000 1/2 1/2 1/2 1/2 1/2

5, 000 1/2 1/2 1/2 1/2 1/2

10, 000 1/2 1/2 1/2 1/2 1/2

20, 000 1/2 1/2 1/2 1/2 1/2

30, 000 5/ 8 1/2 1/2 1/2 1/2

50, 000 7/8 5/ 8 1/2 1/2 1/2
100, 000 * * 5/ 8 7/8 1/ 2]

*Based on four bolts per item a mninumenbednent of 12 bolt dianmeters, a
m ni mum bolt spacing of 16 bolt diameters and a m ni num edge di stance of 12
bolt diameters. Equivalent total cross-sectional area shall be used when
nore than four bolts per itemare provided. Anchor bolts shall conformto
ASTM A 307. Anchor bolts shall have an enbedded straight [ ength equal to
at least 12 tines nom nal dianmeter of the bolt.

**Equi pnment wei ghing nore than [22,500 kg] [50,000 Ib] in Zones 3 and 4
shal |l have at |east six bolts per item

6.3 Expansi on or Chenically Bonded Anchors

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Cast-in-place anchors should be used to
anchor equi pnent for seisnic |loads since there is
consi derabl e experience suggesting that expansion
and chemnically bonded anchors do not perform well
for vibrating equi pnent or for other types of cyclic
| oadi ng, such as earthquakes.

Expansi on and chenically bonded anchors should only
be all owed when test data show they are applicable
for seismc |oading. ASTME 488 provi des a neans of
testing expansion anchors for seismc loading. In
lieu of tests the designer nmay specify approval of

t he expansi on anchors by a governnental organization
such as the City of Los Angeles or the State of
California office of Statew de Health Pl anning and
Devel oprment ( CSHPD) .
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The edge di stance and spaci ng between anchor bolts
greatly affect the shear and tension capacity of the
bolts. The spacing will depend on the type of
anchor, the diameter, and the | ength of enbednent.
The manufacturer should provide data for the m ni num
edge di stance and bolt spaci ng needed to achi eve the
rated val ues and al so ways to reduce the all owabl es
if the edge distance or spacing is |less than
required.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

Expansi on or chem cally bonded anchors shall not be used unless test data
in accordance with ASTM E 488 has been provided to verify the adequacy of
the specific anchor and application. The expansion anchor size shall be
not less than that required in paragraph M ninmum Bolt Sizes, Cast-In-Place
Anchor Bolts. Expansion and chenically bonded anchors shall be installed
in accordance with the manufacturer's recomendati ons. The all owabl e
forces shall be adjusted for the spacing between anchor bolts and the

di stance between the anchor bolt and the nearest edge, as specified by the
manuf act urer.

3.6.3.1 CGeneral Testing

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Expansion and chenically bonded anchors
shoul d be tested after installation. Testing every
expansi on anchor is not necessary or practical
therefore a reasonable rate of testing should be
devel oped dependi ng on the inportance of the job.
There are two nethods of testing: Torque wench and
pul l out testing. The torque test is easier and
cheaper and usually gives a good indication of
installation quality; the pullout test gives a
better indication of the strength of both expansion
and chem cally bonded anchors. The torque test does
not apply to expansion bolts which are anchored by
hanmering the sl eeve over a cone such as self
drilling anchors.

EE R R R R R R R R R R R R R R R R R R R R R R O R

Expansi on and chem cally bonded anchors shall be tested in place after
installation. The tests shall occur not nore than 24 hours after
installation of the anchor and shall be conducted by an i ndependent testing
agency; testing shall be performed on random anchor bolts as descri bed

bel ow.

3.6.3.2 Torque Wench Testing

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Delete this paragraph for expansion anchors
whi ch are not anchored by an applied torque, such as
self drilling anchors.
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Torque wench testing verifies that a torqued
expansi on anchor has seated properly. If it has not
seated, the applied torque on the nut will cause the
bolt to twist in the hole. Torque wench testing
does not load the bolt up to allowable | oad and
therefore does not verify the capacity of the
installed bolt.

EE R R R R R R R R R R R R R R R R R R R R R R R R I R

Torque wench testing shall be done on not less than [50] | ] percent
of the total installed expansion anchors and at |east [one anchor] [] ]
anchors] for every piece of equi pnent containing nore than [two] | ]
anchors. The test torque shall equal the mininumrequired installation
torque as required by the bolt manufacturer. Torque w enches shall be
calibrated at the beginning of each day the torque tests are perforned.
Torque wenches shall be recalibrated for each bolt dianmeter whenever tests
are run on bolts of various dianeters. The applied torque shall be between
20 and 100 percent of wench capacity. The test torque shall be reached
within one half turn of the nut, except for [9 m] [3/8 inch] sleeve

anchors which shall reach their torque by one quarter turn of the nut. |If
any anchor fails the test, simlar anchors not previously tested shall be
tested until [20] [ ] consecutive anchors pass. Failed anchors shal

be retightened and retested to the specified torque; if the anchor stil
fails the test it shall be repl aced.

3.6.3.3 Pul | out Testing

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Pullout testing is expensive and | abor

i ntensi ve because of the apparatus needed to pull on
the anchor bolt. Pullout testing determ nes the
tensi on capacity of the anchor bolt. The anount of

| oad to be applied can vary between 0.5 to 2 tines
the design all owabl e | oad, depending on the

i mportance of the bolt. There is not a significant
cost difference between testing to 0.5 or 2 tines

t he al |l owabl e; since nost anchor bolts have a factor
of safety between allowable and ultimate of 4,
testing to twice the allowabl e should not cause any
di stress. The typical tension failure causes a
shear cone to be pulled out of the concrete, the

sl ope of the cone is about a 45 degree angle so
there should be nothing on the concrete surface in
the vicinity of the bolt to prevent the cone from
pul ling out. Shear testing is usually not needed
unl ess the bolt is heavily |l oaded in shear and cl ose
to an edge.

EE R R R R R R R R R E R R R R R REEERERE R EEEE R R E R R R R R

Expansi on and chem cally bonded anchors shall be tested by applying a
pul | out | oad using a hydraulic ramattached to the anchor bolt. At |east
[5] [ ] percent of the anchors, but not less than [three] | ] per
day shall be tested. The |oad shall be applied to the anchor without
renovi ng the nut; when that is not possible, the nut shall be renoved and a
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t hreaded coupl er shall be installed of the sane tightness as the origina
nut. The test setup shall be checked to verify that the anchor is not
restrained fromw thdrawi ng by the baseplate, the test fixture, or any
other fixtures. The support for the testing apparatus shall be at |east
1.5 tinmes the enbednent | ength away fromthe bolt being tested. Each

tested anchor shall be loaded to [1] | ] tinmes the design tension val ue
for the anchor. The anchor shall have no observabl e novenent at the test
load. |If any anchor fails the test, sinilar anchors not previously tested

shall be tested until [20] [ ] consecutive anchors pass. Failed
anchors shall be retightened and retested to the specified load; if the
anchor still fails the test it shall be repl aced.

3.7 RESI LI ENT VI BRATI ON | SOLATI ON DEVI CES

Sel ection of anchor bolts for vibration isolation devices and/ or snubbers
for equi pnent base and foundations shall follow the sane procedure as in
par agr aph ANCHOR BOLTS except that an equi pment wei ght equal to five tines
t he actual equi pnent wei ght shall be used.

3.7. 1 Resilient and Spring-Type Vibration Devices

EE R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Include this paragraph if the facility is
| ocated within Seisnmc Zone 1 or 2.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

Vibration isolation devices shall be selected so that the maxi num novenent
of equi pnment fromthe static deflection point shall be [15 nm] [0.5 inches.

]

3.7.2 Mul tidirectional Seisnm c Snubbers

EE R R R R R R R R R R R R R R R R R R R R R R R I R R R O O R

NOTE: Include this paragraph if the facility is

|l ocated within Seismc Zone 3 or 4. Details of

mul tidirectional seisnmc snubbers will be shown in
drawi ngs if paragraph is retained.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

Mul tidirectional seismc snubbers enploying elastoneric pads shall be
installed on all floor- or slab-nounted equi pnrent. These snubbers shal
provide [6 mm [0.25 inches] free vertical and horizontal novenent fromthe
static deflection point. Snubber medium shall consist of nultiple pads of
cotton duct and neoprene or other suitable materials arranged around a
flanged steel trunnion so both horizontal and vertical forces are resisted
by the snubber nedi um

3.8 SWAY BRACES FCR PI PI NG

Sway braces shall be provided to prevent novenent of the pipes under
seism c |loading. Braces shall be provided in both the |ongitudinal and
transverse directions, relative to the axis of the pipe. The bracing shal
not interfere with thernmal expansion requirenents for the pipes as
described in other sections of these specifications.
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8.1 Transverse Sway Bracing

EE R R R R R R R R R R R R R E R R R R R R R R R R R R I R

NOTE: Piping can be either rigid or flexible.

Ri gid piping has a period of vibration of 0.06

seconds or less. TM5-809-10 lists the maxi num

spaci ng of braces for various types of rigid piping.
Pi pi ng systens with braci ng spaci ng exceedi ng the

requirenents for rigid piping nust be considered as

fl exible.

The bracing requirenents shown in paragraph Maxi num
Span for Transverse Sway Braces in Seisnic Zone 4
are based on flexible piping. Supports for flexible
pi pi ng nust consider an additional anplification of
the piping being in resonance with the building.

The desi gner shoul d provide requirenents for bracing
PVC pi pes.

EE R R R R R R R R R R R R R R R R R R R R R R R R R O O R

Transverse sway bracing for steel and copper pipe shall be provided at
intervals not to exceed those given in the tabulati on below as nodified for
each seismic zone. Al runs shall have a mninmum of two transverse braces.
Transverse sway bracing for pipes of materials other than steel and copper
shal |l be provided at intervals not to exceed the hanger spacing as
specified in Section C 15400 PLUMBI NG GENERAL PURPGCSE

8.2 Maxi mum Span for Transverse Sway Braces in Seisnmc Zone 4

[ Pi pe Std. Wgt. Steel Ex. Strong Steel Copper Tube
Di anet er Pi pe - 40S Pi pe - 80S Type L
(nm) “L(m “* F(kN) “L(m  **F(kN) “L(m “*F(kN)
25 6.7 0. 30 6.7 0.4 3.4 0.08
40 7.6 0. 60 7.9 0.8 3.7 0.16
50 8.8 1.0 9.1 1.3 4.3 0. 30
65 9.8 1.7 10.0 2.1 4.8 0.50
80 10.4 2.5 10.7 3.2 5.2 0.70
90 11.0 3.3 11.6 4.1 5.5 1.0
100 11.9 4.3 12.2 5.3 5.8 1.3
125 12.5 6.4 13.4 8.5 6.1 2.1
150 13.7 9.4 14.0 12.2 6.7 3.3
200 14.9 16.6 16.5 22.9 7.9 6.9
250 16.5 27.1 18.0 34.1 8.5 11.7
300 17.7 38.1 18.6 46.0 9.4 17. 6]

[ Pi pe Std. Wgt. Steel Ex. Strong Steel Copper Tube
Di anet er Pi pe - 40S Pi pe - 80S Type L
(in.) *L(ft.) **E(l bs.) *L(ft.) **E(lbs.) *L(ft.) **E(l bs.)
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1 22 70 22 80 11 17
1-1/2 25 140 26 180 12 35
2 29 220 30 290 14 70
2-1/2 32 380 33 460 15 110
3 34 550 35 710 17 150
3-1/2 36 730 38 930 18 220
4 39 960 40 1, 200 19 300
5 41 1,440 44 1,900 20 470
6 45 2,120 46 2,750 22 730
8 49 3, 740 54 5, 150 26 1,550
10 54 6, 080 59 7,670 28 2,630
12 58 8, 560 61 10, 350 31 3, 950]

*L = Maxi num span between |ateral supports nultiplied by 1.1 for Zone 3,
1.25 for Zone 2A, 1.2 for Zone 2B, or 1.35 for Zone 1

**F = Horizontal force on the brace nultiplied by 0.8 for Zone 3, 0.5 for
Zone 2A, 0.6 for Zone 2B, or 0.3 for Zone 1.

EE R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Bracing shall consist of at |east one
vertical angle [50 x 50 nm x 16 gauge] [2 x 2 x 16
gauge] and one di agonal angle of the sane size.

EE R R R R R R R R R R R R R R R R R R R R R R R O O R

8.3 Longi t udi nal Sway Bracing

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Systens subject to thernmal expansion will
show the | ocation of |ongitudinal sway braces on the
drawi ngs because indiscrininate placenent of sway
braces may interfere with expansion requirenents.

EE R R R R R R R R R R R R R R R R R R R R R R I R R R O R

Longi tudi nal sway bracing shall be provided at [12 m [40 foot] intervals

except when the location of sway braces is shown on the drawi ngs for the
particular piping system Al runs shall have one |ongitudinal brace

m nimum Sway braces shall be constructed in accordance with the draw ngs.
Branch lines, walls, or floors shall not be used as sway braces.

.8.4 Vertical Runs

Vertical runs of piping shall be braced at not nore than [3 n] [10 foot]
vertical intervals. For tubing, bracing shall be provided at no nore than |
1.2 mM [4 foot] spacing. Vertical braces shall be above the center of
gravity of the span being braced. Al sway braces shall be constructed in
accordance with the drawings. Branch lines, walls, or floors shall not be
used as sway braces.

8.5 Anchor Rods, Angles, and Bars
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Anchor rods, angles, and bars shall be bolted to either pipe clanps or pipe
flanges at one end and cast-in-place concrete or nmasonry insert or clip
angles bolted to the steel structure on the other end. Rods shall be solid
netal or pipe as specified below Anchor rods, angles, and bars shall not
exceed | engths given in the tabul ati on bel ow.

3.8.6 Maxi mum Length for Anchor Braces

[ Maxi mum Al | owabl e
| engt h* Loads*
Type Size (mllinmeters) (nmeters) (ki | onewt ons)
Angl es 38 x 38 x 6 1.5 25.5
50 x 50 x 6 2.0 34.5
64 x 38 x 6 2.5 43.5
75 X 64 x 6 2.5 48.0
75 X 75 x 6 3.0 53.0
Rods 91 1.0 16.5
22 1.0 22.0
Fl at Bars 38 x 6 0.4 14.0
50 x 6 0.4 18.0
50 x 10 0.5 28.5
Pi pes (40s) 25 2.0 18.0
32 2.8 24.5
40 3.2 29.5
50 4.0 39. 5]
[ Maxi mum Al | owabl e
| engt h* Loads*
Type Si ze (I nches) (Feet/ 1 nches) (ki ps)
Angl es 1-1/2 x 1-1/2 x 1/4 4-10 5.7
2 x2x 1/4 6-6 7.8
2-1/2 x 1-1/2 x 1/ 4 8-0 9.8
3 x 2-1/2 x 1/4 8-10 10.8
3 x 3x 1/4 9-10 11.9
Rods 3/ 4 3-1 3.7
718 3-8 5.0
Fl at Bars 1-1/2 x 1/4 1-2 3.1
2 x 1/4 1-2 4.1
2 x 3/8 1-9 6.2
Pi pes (409) 1 7-0 4.1
1-1/4 9-0 5.5
1-1/2 10-4 6.6
2 13-1 8. 9]
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*Based on the slenderness ratio of |[/r = 200 and ASTM A 36 steel, where
is the length of the brace and r is the | east radius of gyration of the
br ace.

3.8.7 d anmps and Hangers

Cl anps or hangers on uninsul ated pi pes shall be applied directly to pipe.
I nsul at ed pi ping shall have clanps or hangers applied over insulation in
accordance with Section C 15250 THERMAL | NSULATI ON FOR MECHANI CAL SYSTEMS

3.8.8 Bol ts

Bolts used for attachment of anchors to pipe and structure shall be not
less than [13 mm (1/2 inch)] [1/2 inch] dianeter.

3.9 SWAY BRACES FOR DUCTS

3.9.1 Braced Ducts

EE R R R R R R R R R R R R R R R R R R R R R R R I

NOTE: Select the appropriate SMACNA Sei sm ¢ Hazard
Level (SHL) according to the design seisnic zone and
insert in the blank space:

For facilities located in seismc zone 4, also

sel ect a SMACNA connection |evel and insert in the
bl ank space. Connection levels are not required in
other seismc zones and this paragraph should be
edi ted accordingly.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

Braci ng details and spacing for rectangular and round ducts shall be in
accordance with SMACNA- 12, including Appendix E, using Seisnic Hazard Leve
[ ] and connection |level | ].

3.9.2 Unbraced Ducts

Hangers for unbraced ducts shall be positively attached to the duct within |
50 mj [2 inches] of the top of the duct with a m nimumof two #10 sheet
nmetal screws. Unbraced ducts shall be installed with a [150 nm] [6 inch]
m ni mum cl earance to vertical ceiling hanger wres.

3.10 SWAY BRACES FOR CONDUI T

Conduit shall be braced as for an equival ent wei ght pipe.
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11 EVMERGENCY GAS SUPPLY CONNECTI ONS

EE R R R R R R R R R R R R R E R R R R R R R R R R R R I R

NOTE: Include the |ast sentence if the facility is
ei ther essential or hazardous and is located within
Seisnic Zone 3 or 4. The designer will determ ne
the classification of the facility per TM 5-809-10
and provide a detail on the drawi ngs showing this
requirenent.

Automati c gas shut-off valves are specified to be
activated by the shaking of an earthquake. ANSI has
devel oped standard Z21.70 for automatic shut-off

val ves which includes a test procedure to verify
that the valve will activate during strong ground
shaking but will not activate for minor ground
shaki ng or accidental bunping by a pedestrian or
vehi cl e.

The State of California, Division of the State
Architect maintains a |list of devices that have been
tested and conformto the ANSI Standard.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

Facilities which are to be connected to natural gas distribution systens
shal | be provided with an aboveground | ocked, valved and capped energency
gas supply connection. Provisions shall be nmade for attachnent of a
portabl e, comercial-sized gas cylinder systemto this connection
Connection shall be located within [300 m] [12 inches] of the exterior
wal | and clearly marked with an appropriate netal sign nounted on wal
above. An automatic device to safely interrupt the flow of gas to the
buil ding in case of an earthquake shall be installed in accordance with
ANSI Z21.70, in addition to manual shut-off valves as required by section
02685 GAS DI STRI BUTI ON SYSTEM

12 EQUI PMENT SWAY BRACI NG

.12.1 Suspended Equi pnent

EE R R R R R R R R R R R R R R R R R R R R R R R R I O R

NOTE: Designer will be guided by requirenents of TM
5-809-10 in establishing bracing details.

Sel ect the appropriate lateral force coefficient (as
a portion of gravity) according to the Seisnm c Zone
in which the facility is |ocated:

Zone Lateral Force Coefficient (Q)
1 0.28
2A 0. 56
2B 0.75
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3 1.13
4 1.50

The val ues |isted above assune the equi pnent is
nonrigid or flexibly nmounted above grade in the
buil ding. The bracketed values in this paragraph
are based on an Inportance Factor (1) of 1.0 which
is for facilities other than essential or hazardous
facilities. For essential or hazardous facilities,
the values for lateral force or horizontal

equi val ent static force will be conputed in
accordance with TM 5-809- 10 using the appropriate

| nportance Factor selected from TM 5-809-10, and
will be inserted in this paragraph in lieu of the
bracket ed val ues.

Equi pnent wei ghing nore than one-fifth of the dead
| oad of off-grade slabs at the equi pnent |evel or
equi pnent wei ghing nore than one-tenth of the
bui | di ng wei ght nust be checked by structural

anal ysis to conformw th building seisnic

provi sions. Such equi pnent has a pronounced effect
on the response of the building. The follow ng
itens shall be checked structurally in accordance
with TM 5-809- 10 and specific seismc requirenents
i ncorporated on appropriate drawings and in the
rel evant specifications.

Equi pnent supported by large pole or frane.
Storage tanks for water and oil.

Storage racks with upper storage |level nore than 2.4
m (8 feet) in height.

Snoke stacks taller than 15 m (50 feet) in height.

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

Equi pnent sway bracing shall be provided for itens supported from overhead
floor or roof structures. Braces shall consist of angles, rods, wire rope,
bars, or pipes arranged as shown and secured at both ends with not |ess
than [13 nm (1/2 inch)] [1/2 inch] bolts. Braces shall conformto

par agr aph Maxi mum Length for Anchor Braces. Sufficient braces shall be
provi ded for equipnent to resist a horizontal force equal to [0.28] [0.56]
[0.75] [1.13] [1.50] tines the weight of equipnent without exceeding safe
wor ki ng stress of bracing components. Details of equipnent bracing shal

be submitted for approval. In lieu of bracing with vertical supports,
these itens may be supported with hangers inclined at 45 degrees directed
up and radially away from equi pnent and oriented symetrically in 90-degree
intervals on the horizontal plane, bisecting the angles of each corner of

t he equi pnent, provided that supporting nenbers are properly sized to
support operating wei ght of equi pmrent when hangers are inclined at a

45- degree angl e.
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.12.2 Fl oor or Pad Munted Equi pnent

.12.2.1 Shear Resi st ance

Fl oor nounted equi pnent shall be bolted to the floor. Requirenents for the
nunber and installation of bolts to resist shear forces shall be in
accordance with paragraph ANCHOR BOLTS.

.12.2.2 Overturni ng Resi stance

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Select the appropriate h/d ratio for
equi pnent according to the Seisnic Zone in which the
facility is | ocated:

Zone h/d Ratio
1 8. 89
2A 4,44
2B 3.33
3 2.22
4 1.67

The bracketed values in this paragraph are based on
an I nportance Factor (1) of 1.0 which is for
facilities other than essential or hazardous
facilities. For essential or hazardous facilities,
the values for h/d ratio will be conputed in
accordance with TM 5-809- 10 using the appropriate

| nportance Factor selected from TM 5-809-10, and
will be inserted in this paragraph in lieu of the
bracket ed val ues.

EE R R R R R R R R R R R R R R R R R R R R R R R O R

The ratio of the height of the equipnent (neasured fromthe base to the
center of gravity of the equipnent) to the m ni mum di stance between anchor
bolts shall be used to determine if overturning forces need to be
considered in the sizing of anchor bolts. |If this ratio is greater than
[8.89] [4.44] [3.33] [2.22] [1.67] the bolt values in paragraph M ni num
Bolt Sizes, Cast-In-Place Anchor Bolts shall not be used and cal cul ati ons
shal |l be provided to verify the adequacy of the anchor bolts for conbined
shear and overturning.

13 M SCELLANEQUS EQUI PMENT

13.1 Ri gi dl y Mounted Equi pnent

EE R R R R R R R R R E R R R R R R REEEERE R EEEE R R R R R R R R

NOTE: The bracketed values in this paragraph are
based on an Inportance Factor (1) of 1.0 which is
for facilities other than essential or hazardous
facilities. For essential or hazardous facilities,
the values for lateral force or horizontal
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equi val ent static force will be conputed in
accordance with TM 5-809- 10 using the appropriate
| nportance Factor selected from TM 5-809-10, and
will be inserted in this paragraph in lieu of the
bracket ed val ues.

Ri gi dl y nounted equi pnent is defined as having a
period of vibration of 0.06 seconds or |ess.

Equi prent with a fundanental period greater than

0. 06 seconds should be assuned to be flexibly
nmonunted or nonrigid. For ground-nounted equi pnent
use 2/3 of the values listed bel ow

List itens that nmay require additiona
reinforcenments (internally) to neet the specified
requi renents such as boilers, chillers, cooling
towers, engine-driven generators, etc., which
consi st of a nunber of individual conponents built
into an assenbly by the nmanufacturers. For
energency generators include auxiliary itens
required for the generator to operate, such as
battery racks and day tanks. Select the appropriate
| ateral force coefficient (as a portion of gravity)
according to the Seismc Zone in which the facility

i s |ocated:
Zone Lateral Force Coefficient (Q)
1 0. 06
2A 0.11
2B 0.15
3 0.23
4 0. 30

EE R R R R R R R R R R R R R R R R R R R R R R I R R R O R

The followi ng specific items of equipnent to be furnished under this
contract shall be constructed and assenbled to withstand a horizonta
|ateral force of [0.06] [0.11] [0.15] [0.23] [0.30] tines the operating
wei ght of the equi pnment, at vertical center of gravity of the equi prment

wi t hout causi ng permanent deformation, dislocations, separation of
conponents, or other damage, which would render the equi pnent inoperative
for significant periods of tine followi ng an earthquake.

Ri gi dl y Mounted Equi prent

Boil ers

Chillers
Air-Handling Units
Cool i ng Towers
Engi ne- Generat ors
Subst ati ons
Transforners
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Swi tch Boards and Switch Cears
Mot or Control Centers

Free Standing Electric Mdtors
Sur ge Tanks

3.13.2 Nonri gi d or Flexibly-Munted Equi pnent

EE R R R R R R R R R R R R R R R R R R R R R R R R I R

NOTE: The appropriate lateral force coefficient,
based on the guidelines in TM 5-809-10 for nonrigid
or flexibly-nounted equi pnent, should be cal cul at ed
and inserted in the blank space.

EE R R R R R R R R R R R R R R R R R R R I R R R I O R

The followi ng specific items of equipnent to be furnished shall be
constructed and assenbled to resist a horizontal lateral force of | ]

times the operating weight of the equiprment at the vertical center of
gravity of the equi pnent.

3. 14 LI GHTI NG FI XTURES | N BU LDI NGS

EE R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Include the follow ng paragraph for seisnic
zones 2, 3, and 4.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

Lighting fixtures and supports shall conformto the foll ow ng:
3.14.1 Pendant Fi xtures

EE R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: Pendant fixtures should not be used in
essential or hazardous facilities.

EE R R R R R R R R R R R R R R R R R R R R R R R O R

Loop and hook or swi vel hanger assenblies for pendant fixtures shall be
fitted with a restraining device to hold the stemin the support position
during earthquake notions. Pendant-supported fluorescent fixtures shal

al so be provided with a flexible hanger device at the attachnment to the
fixture channel to preclude breaking of the support. The notion of swivels

or hinged joints shall not cause sharp bends in conductors or danage to
i nsul ati on.

3.14.2 Recessed Fl uorescent Fi xtures

EE R R R R R R R R R R R R R R R R R R R R R R R I R

NOTE: Retain |ast sentence for essential and
hazardous facilities only.

EE R R R R R R R R R E R R R R R R REEEERE R EEEE R R R R R R R R

Recessed fluorescent individual or continuous-row nmounted fixtures shall be
supported by a seismc-resistant suspended ceiling support system and shal
be fastened thereto at each corner of the fixture with bolts or approved
clips; or shall be provided with fixture support wires attached to the
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buil di ng structural nenbers using two wires for individual fixtures,
attached to opposite corners, and one wire per unit of continuous row
nounted fixtures. Each wire support shall be capable of supporting four
times the weight of the fixture. Recessed lighting fixtures not over [25 kg
] [56 pounds] in weight and suspended or pendant-hung fixtures not over [10
kg] [20 pounds] in weight nay be supported by and attached directly to the
ceiling systemrunners by a positive attachnent such as screws or bolts,
nunber and size as required by design seismc zone. Fixture accessories,

i ncluding |ouvers, diffusers, and | enses shall have | ock or screw
attachnents.

3.14.3 Assenbly Munted on Qutlet Box

A supporting assenbly that is intended to be nobunted on an outlet box shal
be designed to accommpdate nounting features on [100 nmm] [4 inch] boxes, [
75 mj [3 inch] plaster rings, and fixture studs.

3.14. 4 Sur f ace- Mount ed Fl uor escent Fi xtures

Surface-mounted fluorescent individual or continuous-row fixtures shall be
attached to a seismc-resistant ceiling support system Fixture support
devices for attaching to suspended ceilings shall be a | ocking-type scissor
clamp or a full loop band that will securely attach to the ceiling support.

Fi xtures attached to underside of a structural slab shall be properly
anchored to the slab at each corner of the fixture.

3.14.5 Wl l-Munted Enmergency Light Unit

Each wal | -nounted energency light unit shall be secured to remain in place
during a seismc disturbance.

3.14.6 Lateral Force

EE R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE: The bracketed values in this paragraph are
based on an Inportance Factor (1) of 1.0 which is
for facilities other than essential or hazardous
facilities. For essential or hazardous facilities,
the values for lateral force or horizontal

equi val ent static force will be conputed in
accordance with TM 5-809- 10 using the appropriate

| nportance Factor selected from TM 5-809-10, and
will be inserted in this paragraph in lieu of the
bracket ed val ues.

Sel ect the appropriate lateral force coefficient (as
a portion of gravity) for the fixture weight
according to the Seismc Zone in which the facility
i s |ocated:

Zone Lateral Force Coefficient (Q)

1 0. 28
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2A 0. 56
2B 0.75
3 1.13
4 1.50

EE R R R R R R R R R R R R R R R R R R R R R R R R R O R

Light fixture bracing shall be designed to resist a lateral force of [0.28]
[0.56] [0.75] [1.13] [1.50] times the fixture weight.

3.15 SUSPENDED CEI LI NG ASSEMBLI ES

The structural nenbers of ceiling support systens, used prinmarily to
support acoustical tile panels or acoustical panel lay-in tiles, with or
wi thout |ighting fixtures, ceiling-nmounted air termnals, and

cei ling-nmounted services, shall conformto the follow ng:

3.15.1 Desi gn Loads

EE R R R R R R R R R R R R R R R R R R R R R R R I

NOTE: Use this paragraph for seismc zones 2, 3,
and 4. The bracketed values in this paragraph are
based on an Inportance Factor (1) of 1.0 which is
for facilities other than essential or hazardous
facilities. For essential or hazardous facilities,
the values for lateral force or horizontal

equi val ent static force will be conputed in
accordance with TM 5-809- 10 using the appropriate

| nportance Factor selected fromthe TM 5-809-10, and
will be inserted in this paragraph in lieu of the
bracket ed val ues.

Sel ect the appropriate percent of ceiling weight
according to the Seismc Zone in which the facility

is | ocated:
Zone Per cent
2 11.3
3 23
4 30

EE R R R R R R R R R R R R R R R R R R R R R R R R I O R

The main runners and cross-runners and their splices and intersection
connections shall be designed for two tinmes the design load or ultinate
axi al tension or conpression (mninmm[550 N (120 pounds).] [120 pounds.])
The connections at the splices and intersections shall be of a nechanica

i nterlocking type that cannot easily be disengaged. Ceiling structura
systens shall be designed to withstand required vertical load as well as a
|ateral force of [30] [23] or [11.3] percent of the ceiling weight. The
ceiling weight shall include all lighting fixtures and other equi prent that
are laterally supported by the ceiling and shall be not |ess than [200 Pa
(4.0 psf).] [4.0 psf.] Exception: Ceiling areas of [13 square nmeters] |
144 square feet] or |less surrounded by walls that connect directly to the
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structure above will be exenpt fromthe |ateral-load standards of this
speci fication.

.15.2 Install ati on Requirenents

Installation requirenents shall be in accordance with ASTM E 580 except as
fol | ows:

.15.2.1 Vertical Support

Hanger wires supporting a naximumtributary ceiling area of [1.5 square
nmeters] [16 square feet] shall be a m ninmum of 10 gauge in dianeter. The
size of wires supporting a tributary ceiling area greater than [1.5 square
neters] [16 square feet] shall be substantiated by design cal cul ations.
Hanger attachnent devices used in ceiling systens not exceeding [200 Pa] [4
psf] shall be capable of supporting a mnimmallowable |oad of [1.3 kN
(300 pounds).] [300 pounds.] Hanger attachment devices used in ceiling
systenms exceeding [200 Pa] [4 psf] shall be capable of supporting the
design | oad and shall be substantiated by design calculations. |If hangers
nust be splayed nore than one horizontal to six vertical, the resulting
hori zontal force shall be offset by bracing or counter-splaying, and
substanti ated by design cal cul ati ons.

.15.2.2 Lateral Support

In lieu of the design criteria stated above, where ceiling | oads do not
exceed [200 Pa,] [4 psf,] lateral support for the ceiling system my be
provi ded by four gal vanized wires of mninmum No. 12 gauge, as indicated in
ASTM E 580, paragraph 4.4.6.

.15.3 Lighting Fixture and Air Diffuser Supports

Lighting fixture and air diffuser supports shall be designed and installed
to neet the requirenents of equi pnment supports in the precedi ng paragraphs
of this specification with the foll ow ng exceptions:

a. Recessed lighting fixtures not over [25 kg] [56 pounds] in weight
and suspended and pendent-hung fixtures not over [10 kg] [20 pounds] in
wei ght may be supported and attached directly to the ceiling systemrunners
by a positive attachnent such as screws or bolts.

b. Air diffusers that weigh not nore than [ 10 kg] [20 pounds] and that
receive no tributary loading fromductwork nmay be positively attached to
and supported by the ceiling runners.

16 BRI DGE CRANES AND MONORAI LS

EE R R R R R R R R R E R R R R R REEERERE R EEEE R R E R R R R R

NOTE: The bracketed values in this paragraph are
based on an Inportance Factor (1) of 1.0 which is
for facilities other than essential or hazardous
facilities. For essential or hazardous facilities
the values for lateral force or horizontal

equi val ent static force will be conputed in
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accordance with TM 5-809- 10 using the appropriate

| nportance Factor selected from TM 5-809-10, and
will be inserted in this paragraph in lieu of the
bracketed values. The lateral force coefficient is
based on a value of Cp=1.5 as prescribed in T™M
5-809-10. Select the appropriate lateral force
coefficient (as a portion of gravity) according to
the Seismic Zone in which the facility is |ocated:

Zone Lateral Force Coefficient (g)
1 0.11

2A 0.23

2B 0. 30

3 0. 45

4 0. 60

EE R R R R R R R R R R R R R R R R R R R R R I R I I R

Bri dges cranes and nonorails shall be designed to accomobdate the follow ng
hori zontal |ateral force coefficient of [0.11] [0.23] [0.30] [0.45] [0.60]
tinmes weight, applied in any direction to the center of gravity of the

equi pment. The wei ght of such equi pnent need not include any |ive | oad,
and the equivalent static force so computed will be assuned to act
nonconcurrently with other prescribed nonseismc horizontal forces when
considering the design of the crane and nonorails. The crane design shal
be suitable for the forces previously specified in addition to the nornal
hori zontal | oads prescribed by standards cited in other sections of these
speci fications.

--END OF SECTI O\ - -- End of Section --
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